Phospholipids were utized as a membrane marker to test for transformation-induced alteration of cellular membranes of cultured crown gall cells of Vinca rosea L. Fully transformed ceUls contained less than half the amount of phospholipids (7.8 micrograms lpid P per gram fresh weight) of normal V. rosea 
celular membranes and that the membrane alteration cannot be attributed to secondary effects associated with the rapid growth of these neoplastic cells.
Five classes of phosphoUpids were identified and quantified. Average percentage of total phospholipids contained in each class were as folows: phosphatidylcholine, 38.5 + 4.3; phosphatidylethanolamine, 22.2 ± 0.8; phosphatidylinositol, 12.3 ± 2.9w, phosphatidylserine, 0.8 ± OA; phosphatidic acid, 4.7 ± 1.3. Several unidentified phospholipids were also quantified. The relative amounts of the various classes of phospholipid compounds in normal and crown gall cells of V. rosea were not significantly different.
Crown gall is a neoplastic plant disease initiated by Agrobacterium tumefaciens (Smith and Town.) Conn. (1, 4) . The cellular transformation results in development of tumors capable of continued proliferation in the apparent absence ofthe inciting bacteria (1, 2, 8) . Transformation may be interrupted by a heat treatment, which kills the bacteria but does not affect the subsequent growth of already transformed cells. The growth rates of transformed cells reflect the length of the transformation period. Transformation periods of 34 to 36 h yield partially transformed, slowly growing tumors, and 72-to 96-h treatments produce fully transformed, rapidly growing tumors (1, 5). Bacteria-free explants of such tumors may be transferred to a simple artificial medium such as White's basic medium (14) 2To whom reprint requests should be addressed.
White's medium, but can be stimulated to rapid growth if White's medium is supplemented with certain growth regulators, salts, and other organic substrates (6, 16) . Wood and Braun (17) found that the net uptake of PO43-, K+, and the fluorescent drug Atabrine was significantly greater in the fully transformed crown gall cells than in cultured, rapidly growing normal V. rosea cells and hypothesized that transformation involves alterations of the cellular membranes, allowing more efficient uptake of ions (6, 16 (14) . For some experiments tumors were also grown on a raised salts medium (16) consisting of White's basic medium plus 0.5 mg/l naphthaleneacetic acid, 21.18 mm NaNO3, 2.17 mm NaH2PO4, 11.33 mm KCI, and 5.96 mm (NH4)2SO4. A normal V. rosea callus culture was initiated by transferring sterile hypocotyl sections of V. rosea seedlings (Burpee 4187) to White's basic medium with naphthaleneacetic acid (0.5 mg/l), kinetin (0.5 mg/l), myo-inositol (200 mg/l), and 1 mm each of Asn, Asp, Glu, Gln, and cytidine. Resulting calli were transferred to raised salts medium with myoinositol (200 mg/l) and kinetin (0.5 mg/l). At each transfer normal cultures were checked for habituation by placing samples on media lacking auxin or kinetin or both. No growth was detected on these deficient media.
Culture media contained 2% (w/v) enzyme-grade sucrose (Schwarz/Mann and 1% (w/v) Difco Bacto-agar. Heat-labile organic chemicals were filter-sterilized and added to autoclaved media. Cultures were maintained on 50 ml media in plasticcapped, glass culture tubes (38 x 200 mm), maintained at 25 C in darkness. Pieces of tumor or callus were transferred to fresh media at intervals of about 3 months. Reagent grade chemicals and glassdistilled H20 were utilized throughout the study. Phospholipid standards were obtained from Supelco, Bellefonte, Pa.
Cell counts and measurements were performed on samples cultured for 5 and 6 weeks following transfer to fresh media. Tissues were macerated for cell counts by a modification of the method of Steward and Shantz (12) . Triplicate samples of approximately 300 mg of tissue were placed in bottles containing 10 ml of 10%o (w/v) chromium trioxide-I0%o (w/v) HCI Cultures were sampled between 4 and 10 weeks after transfer to fresh media. Each week, pooled samples of several tubes, totaling about 10 g cells, were extracted (11) and analyzed (9, 10). Phospholipids were separated by two-dimensional TLC using Merck TLC plates precoated with a 0.25-mm layer of Silica Gel 60 F-254. Phospholipid classes were visualized with 12 vapor and identified by specific sprays: ninhydrin for phosphatidylserine and phosphatidylethanolamine (11), Dragendorfs reagent for phosphatidylcholine (13) , and periodate-Schiffs reagent for phosphatidylinositol (7). The identities of phospholipid compounds were verified by co-chromatography with authentic standards on TLC.
Analyses of variance were performed on data for total lipid P per unit fresh weight and on the percentage of total lipid P contained in each phospholipid class. Standard deviations were determined for number cells per unit fresh weight, volume per cell, and area per cell.
RESULTS AND DISCUSSION
Fully transformed tumor cultures grew much more rapidly than the partially transformed tumor cultures on White's basic medium. Normal V. rosea cell cultures grew at an intermediate rate. Partially transformed tumors cultured on the raised salts medium grew at a rate similar to the fully transformed cells (Fig. 1) .
Each datum is the combined average of triplicate analyses from two experiments, taken weekly over the period of 4 to 10 weeks following transfer, for a total of 42 analyses. A broad range of samples was analyzed to minimize variability from differences in culture age, time of harvest, and other possible sources of error. For each type of tissue, the total lipid P content per gram fresh weight was analyzed individually and reported as an average. The total lipid P content per gram fresh weight was significantly lower (P < 0.01) in the fully transformed tumor cultures than in any of the other cultures examined. The other treatments were not significantly different (P > 0.05) from one another (Fig. 2) .
Cells of fully transformed tumor cultures were smaller and greater in number per g fresh weight than the cells in other cultures examined (Table I) . The ,ug lipid P per g fresh weight, and the number of cells per g fresh weight were used to calculate the ug lipid P per cell (Tabel II). The fully transformed tumor culture contained less than one-half the lipid P per cell of the other treatments. Fully transformed tumor cultures also contained less than one-half the phospholipid content per unit surface area The rapidly growing fully transformed tumor cell contained less than half the phospholipid complement of the partially transformed, slowly growing tumor cells. The latter stages of the transformation process may involve an alteration of cellular membranes as measured by phospholipid content, but the possibility that this change is a secondary event related only to the more rapid growth of the fully transformed cell remained to be ruled out. We examined this possibility by studying the phospholipid patterns of partially transformed cells which were stimulated to rapid growth on raised salts medium. The phospholipid content of the partially transformed cells did not decrease during rapid growth, which suggests that phospholipid alteration was not causally related to simple rapid growth, but rather to the latter stages of transformation.
545
We initiated a new normal V. rosea line in this laboratory to compare its characteristics with those of the tumor lines. This rapidly growing normal line contained phospholipid levels similar to those of the slowly growing and the rapidly growing partially transformed tumor cells. A transformation-induced change in phospholipid levels apparently was associated with the attainment of full autonomy rather than with the attainment of rapid growth capability. We did not observe a transformation-or growth-related alteration in the percentage patterns of the various phospholipid classes, but cannot rule out the possibility of changes in the molecular composition of given phospholipids within a class.
Our evidence does not allow us to speculate on the possible ultrastructural basis for our findings. This biological system has allowed us to identify one of the few instances where a cellular neoplastic alteration appears to be a transformation induced event rather than a secondary related process.
